
THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION RESEARCH GRANT 

NGR-05-020-237 

"FUNDAMENTAL STUDIES RELATING PARTICLX S I Z E  EFFECTS TO INFRARED SPECTRA" 

'SEMI-ANNUAL REFDRT 
.% I 
;"k. I CE !b 

I\CE(S) !b 1 June 1967 - 30 November 1967 

0 

I (ACCESSION NUMBER)  
c 

> 
E! 

(CODE) 

4 

r: ( P A d E s )  rl 

z 4 7x3 
(NASA CR 6 R  TMX OR AD NUMBER) 

15 January 1967 



TABLE OF CONTENTS 

I. 

11. 

111. 

I V .  a 

b 

C 

d 

v. 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . .  
SPECTRA OF POWDERED ROCKS . . . . . . . . . . . . . . .  
KNOWN ROCK SPECTRA. . . . . . . . . . . . . . . . . . .  
THE CIRCULAR VARIABLE FILTER SPECTROMETER . . . . . . .  
THE CVF SPECTROMETER OPTICAL SYSTEM . . . . . . . . . .  
THE ELECTRONICS SYSTEM. . . . . . . . . . . . . . . . .  
THE DATA HANDLING SYSTEM . . . . . . . . . . . . . . .  
STATUS OF OTHER EQUIPMENT RELEVANT TO T H I S  CONTRACT . . 

Page N o .  

1 

1 

2 

15 

20 

20 

c 

. .  , . .  

. 
R e s e a r c h  contained i n  t h i s  repor t  was p e r f o r m e d  under NGR-05-020-237  
i n  accordance w i t h  the  time allocation of staff s h o w n  herein. 



I, INTRODUCTION 

This r e p o r t  i s  t h e  f i rs t  semi-annual r e p o r t  on NASA Grant 

N o .  N G R - 0 5 - 0 2 0 - 2 3 7 ,  and i s  a statement of t he  work performed so far ,  

as requested i n  the  g ran t  award. 

The l e v e l  of e f f o r t  on t h e  contract  has been comparatively 

low during t h e  f i r s t  s i x  months, being approximately 3.3 man months 

o f  profess iona l  e f f o r t  p lus  s e c r e t a r i a l ,  t echn ic i an  and s tudent  he lp .  

The emphasis has been (a)  streamlining t h e  d a t a  t ak ing  and 

processing techniques so t h a t  rapid and economical s p e c t r a  can be 

reduced l a t e r  i n  the  program. This e f f o r t  has run i n  p a r a l l e l  

wi th  s i m i l a r  endeavors or1 other p r o j e c t s  a t  t he  Remote Sensing 

Laboratory and ( b )  f i n a l i z i n g  the construct ion of a C i r cu la r  

Variable F i l t e r  spectrometer ( C V F )  whose d a t a  output i s  immediately 

compatible wi th  the IBM 360 computer f o r  use on t h i s  program. 

11. SPECTRA OF POWDERED ROCKS 
I n  t h e  e a r l y  s t ages  of t h e  grant  it was c l e a r  from t h e  

l i t e r a t u r e  t h a t  t h e  s p e c t r a  of powdered samples would not  be easy t o  

c o l l e c t  wi th  any accuracy, since t h e  s p e c t r a l  departures  became very 

s u b t l e  when t h e  powder s i z e  becomes comparable wi th  t h e  wavelength of  

t h e  emitted r a d i a t i o n .  Nevertheless, a number of samples, of 

d i f f e r i n g  powder s i z e s  and compositions were examined with the  SG-4 

spectrometer,  i n  order t o  estimate t h e  s e v e r i t y  of t h e  problem. 

The powders were taken outdoors where they could r a d i a t e  

i n t o  a cold sky, and t h e  experimental procedure was similar t o  t h a t  

used i n  the  f i e l d ,  except t h a t  an X-Y p l o t t e r  was used t o  record t h e  

data. These p l o t s  were subsequently d i g i t i z e d  on a CALMA d i g i t i z e r ,  

and the  d a t a  f e d  i n t o  t h e  computer. 

The r e s u l t s  from t h i s  e a r l y  experiment were disappoipt ing 

i n  t h a t  t h e  s p e c t r a  were dominated by no i se .  Whether t h i s  noise  

a rose  from t h e  instrumentation o r  t h e  d i g i t i z i n g  process i s  n o t  c l e a r ,  

bu t  it was evident t h a t  we would not  be ab le  t o  use such shor t  cucs 

- 1- 



successfu l ly .  

t he re fo re  decided t o  t r y  and improve both our experimental  technique 

and OUT equipnent. 

111. KNOWN ROCK SPECTRA 

Before attempting t o  t ake  such s p e c t r a  again,  we 

A s e r i e s  of spec t r a  of w e l l  known ' l i b r a r y '  rocks were 

taken t o  examine t h e  s e n s i t i v i t y  t o  emiss iv i ty  v a r i a t i o n s  t h a t  could 

be achieved by r a i s i n g  the  i n t e r n a l  re ference  temperature of t h e  spec- 

trometer from 7 7 ° K  t o  around 2 7 0 ° K .  

none t h e  l e s s  dramatic, and t h e  philosophy of using a s m a l l A T  between 

sample and reference was incorporated i n  t h e  design of t h e  C.V.F. 

spectrometer described elsewhere i n  t h i s  r e p o r t .  

The r e s u l t s  were p red ic t ab le  but  

The experimental procedure was s imi l a r  t o  t h a t  used i n  the  

f i e l d .  

l i g h t ,  where they could r a d i a t e  over most of t he  STV s t e rad ians  i n t o  a 

c l e a r  sky. 

placed on a background board sprayed wi th  3 ' s  black  p a i n t .  

way, t he  spectrum of t h e  sample would not be modified severe ly  even 

i f  it did not  f i l l  t h e  f i e l d  of v i e w  of t h e  spectrometer.  The format of 

the  support ing data taken while t h e  spectrometer w a s  i n  opera t ion  i s  

given i n  f i g u r e  1. 

f igu res  2-10. 

absolute  value of emiss iv i ty  has not been ca l cu la t ed ,  - - r e l a t i v e  

values however are  meaningful. 

Naturally-rough sample-rocks were allowed t o  w a r m  up i n  sun- 

A s  each sample w a s  examined by t h e  spectrometer,  it was 

I n  t h i s  

Examples of t h e  reduced s p e c t r a  a r e  given i n  

In  these  spec t r a  only the  shape has s ign i f i cance ,  the  

A few words on t h i s  subjec t  a r e  perhaps t imely.  Refer r ing  

t o  f i g u r e  11, the r a w  spec t r a  f o r  a black body and a sample a t  t h e  

same temperature a r e  shown as (RBB-Rref) and R,-R,,~) r e spec t ive ly ,  

when 

RBB = radiance of black body a t  temperature T 1  

Rs  = radiance of sample at temperature T 1  

Rr,f = radiance of b lack  body re ference  a t  temperature T2  

Since t h i s  type of spectrometer always chops aga ins t  a r e fe rence  t h e  

values shown on th i s  f i g u r e  represent  t he  d i f f e rence  between re ference  

and t a r g e t  energy. 
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Rs - Rref  

R~~ - Rref  
The emissivity r a t i o  i s  

R 
Only when Rref i s  << R 

emiss iv i ty  r a t i o .  

re fe rence ,  and t o  a f i r s t  approximation, t h i s  condi t ion appl ied.  I n  

t h e  case of a subs t an t i a l  cont r ibu t ion  from the  re ference ,  then an 

adjustment must be made t o  obta in  t h e  r e a l  value of emiss iv i ty .  A 

graph f o r  making t h i s  cor rec t ion  i s  given i n  f igu re  12 ,  where 

and Rs can t h e  r a t i o  be c a l l e d  t h e  BB 
R~~ 

Our SG-4 o r i g i n a l l y  had a ni t rogen cooled (77°K) 

and 

R 
E m = measured s - x 

R~~ 
E t r u e  = correc t  emissivi ty .  x 

It can be seen from t h i s  graph t h a t  t h e  e r r o r s  i n  the  uncorrected 

r a t i o  decrease as t h e  value of E increases .  One important po in t  
A 

t h a t  i s  immediately apparent i s  t h a t  one only needs one c a l i b r a t i o n  

poin t  f o r  a given re ference  temperature t o  determine t h e  s lope of t h e  

graph and hence determine t h e  t r u e  emiss iv i ty  of t h e  sample, s ince  at 

t h e  E = 1 end of t h e  graph it i s  f ixed .  We propose bui ld ing  a simple 

checkerboard pa t te rn  of 3M's coated aluminum honeycomb ( e  = 1) and 

gold p l a t e d  copper ( e  = 0 ) ,  t h a t  should have an e f f e c t i v e  emiss iv i ty  

of 0 . 5 .  

temperature of the 3M coated po r t ions .  

ava i l ab le  a t  the  time t h e  l i b r a r y  samples were inves t iga ted ,  hence 

t h e  absolute  values of  emiss iv i ty  on these  samples i s  not 'known from 
t h a t  da ta .  

- 

A 

The temperature of  t h i s  grey body w i l l  of course be t h e  

Such a gray body was not 

Referr ing t o  t h e  f igu res  2-10 it can be seen t h a t  t h e  s p e c t r a l  

con t r a s t  i s  indeed enhanced. The s p e c t r a l  f e a t u r e s  around 11.211 
i n  the  c a l c i t e  and dolomite spec t r a  a r e  second order absorpt ions 

and ye t  a r e  s t i l l  p l a i n l y  v i s i b l e .  For comparison f igu res  9 and 10 

were added. 

re ference .  Fig.  9 i s  of a pol ished sample and f i g .  10 of a rough 

sample. 

reference temperature i s  approximately equiva len t to  pol i sh ing  t h e  

These were taken wi th  t h e  same instrument using a 77°K 

It can be seen t h a t  t h e  improvement due t o  r a i s i n g  t h e  

- 14- 



. 

sample. Examples for rocks such as calcite show the same effect. 

IV. a) THE CIRCULAR VARIABLE FILTER SPECTROMETER 

The present status of this instrument is that having been 

assembled and tested once, it has been disassembled for final 

machining, and is now complete again except for three circuit boards. 

(See figure 13). The associated data system which will be used both 

with the instrument and the existing SG-4 spectrometer is also near 

completion. It has, in our estimation, been worthwhile to wait for 

the upgraded system before taking large quantities of spectra. 
attempts to examine the spectra of powdered samples, using the SG-4 

and X-Y plotter were not very successful as described earlier. 

Early 

It is anticipated that for some applications the CVF' 

instrument will become the prime system for obtaining spectra, and 

that the SG-4 will be relegated to the position of a back-up system. 

A description of the CVF spectrometer follows. The optical design is a modified 

version of a design provided by Warren ~ o v i ; s  (NASA/GSFC) . 
b) THE C V  SPECTROMETER OPTICAL SYSTEM: (see figure 14) 

The Fore optics for this instrument is a 4" focal length 
f 1.5 cassegrain, (usually to be found in the front end of a Barnes 
Engineering 4" radiometer). 
and the incident energy bundle is then refocused into the CVF by B 

KRS-5 field lens. The detector presently in situ (a 

Servo-Corp immersed thermistor*) has its own supplementary lens which 

focuses the bundle emerging from the filter wheel. 

Chopping occurs at the first focal plane, 

The reference body is a thermo electric element coated with 

3M's black, bolted to a substantial heat sink. 
capable of being driven at approximately 20°C below ambient, which 

should be ample for rock and powder measurements. Energy from this 

source is reflected from a gold plated chopper into the optical train. 

The element is 

One of the more tiresome problems with our SG-4 spectrometer 

has been the difficulty of aligning the infrared and optical view- 

(* on loan from w . Hovis GSFC ) 

-15- 
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f inder  f i e l d s  of view, s ince  the  viewfinder employs a swinging mirror ,  

the  sea t ing  of which i s  c r i t i c a l .  

e r  image i s  picked off t he  reverse  s ide  of t h e  chopper and relayed by 

an imaging f i b r e  op t i c s  bundle t o  a su i t ab le  eyepiece. 

of t he  bundle is  over 5OO,OOO f i b r e s  per inch. 

I n  the  CVF instrument,  the  viewfind- 

The r e s o l u t i o n  

Focusing i s  from i n f i n i t y  t o  5 f t . ,  although the  image 

degradation, due pr imari ly  t o  spher ica l  aber ra t ion  of t he  f i e l d  l ens ,  

may l i m i t  t h e  usefu l  focusing range t o  something more l i k e  i n f i n i t y  

t o  l o f t .  

e )  THE ELECTRONICS SYSTEM 

The s ignal  processing e l ec t ron ic s  f o r  t h i s  instrument ( see  

f i g .  15 )  i s  b u i l t  up from a s e r i e s  of  standard modules. The de tec tor  

feeds i n t o  a miniature preamplif ier  f i t t e d  in s ide  the  de tec tor  housing 

and from the re  on t o  an I thaco a m p l i f i e r  type 254. 
demodulation i s  achieved by another I thaco u n i t  model 351. 
p o l a r i t y  of demodulation i s  a v a i l a b l e  from this u n i t ,  which eases t h e  

problem of computer reduction f o r  such th ings  as sky spec t ra ,  where 

the  source i s  colder than t h e  reference.  The reference s i g n a l  f o r  the  

demodulator i s  derived from a phototransistor-lamp combination mounted 

on t h e  chopper housing. 

which leads t o  possible  problems i n  r e j e c t i n g  (60 HZ) noise  from 

improperly grounded o r  shielded components. This p r e s e n t l y  does not 

appear t o  be a severe problem however, and w i l l  disappear a l toge ther  

i f  we decide t o  s u b s t i t u t e  a cooled CuGedetector, which r e q u i r e s  

chopping a t  around 2000 HZ. 

Synchronous 

Ei ther  

The chopping frequency i s  present ly  30 HZ 

+ Detector bias i s  provided by b a t t e r i e s  (- 67~) wi th  a l a rge  

capaci tor  strapped across them. This provides a convenient low 

impedence, s t ab le ,  supply. For por tab le  use ,  i f  t h i s  should be 

required,  a l l  e lec t ronics  can be driven through some s o r t  of 

regula t ion  from - l 5 V  b a t t e r i e s .  I n  t h i s  case however, some provis ion 

would have t o  be made f o r  supplying the  115VAC f o r  t h e  two synchronous 

dr ive  motors. 

+ 

Temperature c o n t r o l  f o r  the  re ference  i s  provided by an 

Operational amplifier cont ro l l ing  the  high cur ren t  d r ive  t r a n s i s t o r  

- 18- 
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(up t o  5 amps). The error s igna l  f o r  t h i s  amplif ier  i s  produced by a 

thermistor  attached t o  t h e  re ference  surface,  and wired i n t o  a simple 

br idge c i r c u i t .  

d e l i b e r a t e l y  unbalancing t h e  br idge.  

one designed f o r  de tec tor  cooling by Develco Inc.  under a sub-contract 

from NASA grant ,  NGR-05-115-020.  This grant  has a l s o  pa id  f o r  most of 

t h e  hardware for t he  spectrometer.  

Temperature adjustment i s  of course achieved by 

The c i r c u i t  i s  a development of 

d) THE DATA HANDLING SYSTEM 

It i s  i n  t h i s  por t ion  of t h e  design t h a t  t h e  CVF spectrometer 

r e a l l y  scores  over rec iproca t ing  g ra t ing  instruments,  f o r  i f  a CVF 

which i s  locked onto t h e  same s h a f t  as a d i g i t a l  s h a f t  encoder, one 

has a u n i t  that  can be repeatedlyindexed t o  pass any wavelength 

required.  

of wavelength ( v i a  a conversion t a b l e  of €3 versus 

Only experimenters who have wres t led  wi th  t h e  problem of mating a 

computer w i t h  I3 instruments w i th  analog wavelength readout can 

apprec ia te  t h e  s impl ic i ty  of using d i r e c t  d i g i t a l  readout .  

Conversely, t h e  u n i t  always has a unique d i g i t a l  readout 

- see f i g .  16).  

Referring t o  f igu re  17, t h e  encoder output appears as a 

s e r i e s  of pulses which a re  used t o  t r i g g e r  an analog t o  d i g i t a l  

converter .  The converter samples the  spectrometer,  a radiometer,  and 

a s e r i e s  of hand switches which a r e  used f o r  such th ings  as i d e n t i f i -  

ca t ion  data. 

i n  t h e  sequent ia l  s e r i e s  of radiance samples. 

i s  then recorded on a Kennedy 1400 incremental  recorder .  

from the  machine can then be d i r e c t l y  read i n t o  t h e  IBM 360 computer 

where they  a r e  processed by a high speed c o r r e l a t i o n  program 

Wavelength data need not be sampled, as it i s  inherent  

The d i g i t a l  information 

The tapes  

V. STATUS OF OTHER EQUIPMENT RELFJANT TO THIS CONTRACT 

SG- 4 SDectromet e r  

This instrument i s  opera t iona l ,  and has been modified t o  

accept a d i g i t a l  g ra t ing-pos i t ion  encoder. 

with a reference temperature c lose  t o  ambient. 

It i s  a l s o  now operated 
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